Background. To measure the effect on serum lipids and other risk factors for cardiovascular disease, we converted the primary immunosuppression of dyslipidemic stable liver transplant recipients from cyclosporine A to tacrolimus. Methods. Patients underwent a four-month dietary stabilization period (American Heart Association Step II diet) and serum lipid samples were collected for analysis at a central laboratory. After conversion, dietary counseling and lipid analyses were performed over a six-month postconversion observation period. Results. Enrollment was terminated prematurely due to low patient recruitment rates. Thirteen patients were enrolled and provided postconversion data showing surprisingly strong results. At six months postconversion, total cholesterol (C) was reduced by a mean of 0.61 mmol/L (Pϭ0.017), high density lipoprotein cholesterol (HDL-C) remained unchanged; the mean total C:HDL-C ratio was reduced by 0.87 (Pϭ0.001). Low density lipoprotein cholesterol (LDL-C) reductions were not statistically significant, but we observed a significant and persistent decrease in apolipoprotein B (Ϫ0.15 g/L six months postconversion, Pϭ0.031). No changes in homocysteine or in vitamins B6 and B12 were discerned, but although red cell folate remained stable, serum folate increased after conversion. We observed no rejection episodes or any other clinically notable events following conversion. Conclusions. In this study, conversion from cyclosporine to tacrolimus provided a safe and well-tolerated alternative that reduced hyperlipidemia and other recognized cardiovascular risk factors.
I ncreasingly sophisticated surgical techniques and refinements in immunosuppressive treatment regimens have contributed in recent years to improved short-term graft and patient survival following orthotopic liver transplantation. The focus is now shifting to long-term graft and patient survival, driven to no small degree by an extensive literature on renal transplant recipients. In this population, death with a functioning graft is well established as the current leading cause of renal allograft loss and accounts for nearly half of all graft failures in the first five years posttransplantation (1) . Of these deaths, U.S. renal transplant registry data indicate that death from cardiovascular disease is the most common, accounting for 33 to 37% of all cases (2) .
The prevalence of both cardiovascular risk factors and associated clinical disease is higher in solid organ transplant recipients as compared to the general population (3) . Although end-stage liver disease is associated with deranged lipid metabolism and hypocholestoralemia, up to 45% of liver transplant recipients demonstrate elevated lipid levels posttransplantation (3) (4) (5) . Indeed, risk for cardiovascular morbidity and mortality after orthotopic liver transplantation is significant, with an estimated risk for cardiovascular death of approximately 2.6 over age-matched controls (6) .
At the time of inception of this study, results of several previous studies indicated that tacrolimus-based immunosuppression is correlated with superior serum lipid profiles as compared to cyclosporine-based regimens (7) (8) (9) (10) (11) (12) (13) (14) . Such studies, however, failed to reach complete consensus on this point. We set out to improve upon the limitations of some of these studies, which included design features such as singlecenter and retrospective data collection, confounding factors such as a lack of standardization in steroid therapy among patient groups, and analytical limitations such as local routine service laboratory determinations of lipid variables.
In this prospective multicenter study, stable cyclosporinemaintained liver allograft recipients with hyperlipidemia were converted to tacrolimus. Steroids were maintained in all patients at Յ10 mg/day over the course of the study and lipid and lipoprotein profiles were determined at a central reference laboratory. Dietary counseling, according to the American Heart Association (AHA) Step II diet, was conducted over the entire course of the study. mittee and all patients provided written informed consent. Patients were recruited into this study between July 2000 and June 2001. The protocol design included a preconversion period comprised of an initial four-month dietary stabilization phase, and a 6-month postconversion follow-up during which dietary counseling continued.
Patient Selection Criteria
Adults (Ն18 yrs) who had received a liver transplant at least six months prior to initial screening (10 months preconversion) were considered for study participation. Inclusion criteria stipulated that prospective participants had been maintained for at least three months on a stable cyclosporine-based regimen, which could include adjunctive immunosuppressants administered at stable doses and a stable maintenance steroid dose no higher than 10 mg per day. Additionally, prospective participants were required to be euthyroid and hyperlipidemic, with low density lipoprotein cholesterol (LDL-C) Ͼ2.5 mmol/L, or total to high density lipoprotein cholesterol (total:HDL-C) ratio Ͼ4.0, at both initial screening and at conversion.
Exclusion criteria included multivisceral transplant; recurrent liver disease, or significant infections at time of screening or conversion; preconversion acute rejection episodes; modified immunosuppressive regimen, including maintenance steroids but excluding cyclosporine dose adjustments Ͻ20%, modified preconversion antihyperlipidemia therapy; serum creatinine Ͼ200 mol/L or creatinine clearance Ͻ25 ml/min at four months preconversion or at conversion; HbA 1c Ͼ10% at baseline; medication with thiazide diuretics, or any vitamins or supplements not prescribed by a physician (except calcium and vitamin D) during the preconversion period. Substance abusers, women who were pregnant or breast-feeding or not practicing adequate contraception, and patients previously treated with tacrolimus were also excluded, as were those who had received investigational immunosuppressants within the four months prior to initial screening.
Lipid Analyses
Total (T), HDL-, and LDL-cholesterol (C); triglycerides (TG); apolipoproteins (Apo) A and B; and lipoprotein (lipo) (a) were measured during the dietary stabilization period at months -4 and -1, at the time of conversion (time 0), and postconversion at months one, three, and six. Lipid analyses were performed at a central laboratory facility with membership in the Cholesterol Reference Method Laboratory Network (15) . LDL cholesterol was quantitated by direct measurement.
Other Analyses
Homocysteine, vitamins B6 and B12, and serum and red cell folate were measured at the same time points as serum lipid measurements, with the exception that Vitamin B6 was not measured at month Ϫ1. These parameters also were measured at a central laboratory facility.
Preconversion: Dietary Stabilization Period
At the beginning of this period (four months preconversion), and again one month preconversion, patients received a nutritional evaluation (24-hour recall seven-day food record; appetite status; assessment of gastrointestinal complications; calcium, vitamin D, and alcohol intake) and dietary counseling according to the AHA Step II Diet, containing less than 200 mg cholesterol per day with total saturated fat being less than 7% of total fat intake.
Conversion (Time 0)
Patients whose serum lipids had stabilized but not adequately improved, and who otherwise remained eligible to participate, started tacrolimus therapy within 24 hr of their last dose of cyclosporine. The starting daily dose was the lesser of 1/50 of the cyclosporine dose or 0.10 mg/kg tacrolimus, in two divided doses. The tacrolimus dose was adjusted based on trough whole blood concentrations to achieve the target range of 5 to 10 ng/ml. At this time, nutritional evaluation and dietary counseling were repeated.
Postconversion
At one, three, and six months postconversion, patients were assessed clinically, and nutritional evaluation and counseling were performed. Throughout the study, patients were monitored with respect to renal function, routine clinical laboratory parameters, adverse events, tacrolimus levels, and general clinical status.
Statistical Analysis
After limited initial success with patient enrolment and based on considerations of statistical power assumptions, the study selection criteria were broadened to that described herein (specifically to allow for inclusion of patients with diabetes, provided HbA1c was less than 10%, as well as patients on anti-hyperlipidemia therapy, provided therapy was stable). Despite these allowances, the patient consent rate remained poor and the study was eventually terminated for this reason. Subsequently, analysis of the results demonstrated that the original assumptions underlying sample size requirements and statistical power had been far too conservative.
The primary outcome measures in this study were postconversion changes in TC, LDL-, and, TC:HDL-C. A key assumption underlying the sample size calculation had been that the standard deviation of the change in LDL-C would be in the range of 0.7 to 1.5 mmol/L. Under this assumption, 120 patients would have been required for the study to have 80% power to detect a decrease in LDL-C in the range of 0.2 to 0.4 mmol/L. However, the actual standard deviation of the change was, at all times, less than 0.5 mmol/L. Due to this low statistical variability, it was possible to detect strong statistical differences in this study with far fewer patients than originally planned.
The statistical significance of postconversion lipid changes, as well as changes in homocysteine, Vitamins B6 and B12, and serum and red cell folate was evaluated using the Wilcoxon Signed-Rank Test. All values are presented as meanϮ1 standard deviation (SD).
RESULTS
Of 31 patients found eligible after screening, 15 completed the four-month dietary stabilization phase and qualified for conversion to tacrolimus. Sixteen patients were discontinued prior to conversion, with only one patient dis-continued due to success of diet modification in lowering lipids. The single most common reason for discontinuation was withdrawal of consent in seven patients, with five of these patients stating that withdrawal was due to news that sponsor was discontinuing trial enrollment, Other reasons included adverse events (nϭ3), violation of the enrollment criteria due to change in immunosuppression or use of a thiazide diuretic (nϭ3), and inability to attend visits due to geographic limitations (nϭ2).
Although no screening log was completed for the study, typical of the enrollment difficulties is the example of one site, in which all liver transplant patients receiving cyclosporine were screened for study entry. Most patients at this site were receiving tacrolimus and so were ineligible. Of the 75 patients receiving cyclosporine, actual enrollment was only 7%, with contributing factors including primarily geographic distance from follow-up center, ineligibility due to existing medical conditions, or nonagreeable to switch due to the lack of importance placed by patient or attending physician on cardiovascular risk factors.
Two of the patients who were converted, later withdrew due to adverse events (described below) and 13 patients completed the protocol.
Baseline characteristics of the study population were fairly homogeneous from a demographic standpoint: age distribution was symmetrical and all were white (Table 1) .
In addition to primary immunosuppression with cyclosporine (all patients received microemulsion cyclosporine A, Neoral), 9 of the 15 patients received adjunctive immunosuppression, and only one received steroids (Table 1) .
At the start of the dietary stabilization phase, two patients were receiving lipid-lowering agents: one patient continued the treatment (160 mg fenofibrate) throughout the study, the other stopped treatment (fluvastatin 20 mgϩ gemfibrozil 1200 mg) upon conversion. A third patient, who had not previously been receiving lipid-lowering agents, commenced simvastatin 10 mg at 4 months after conversion. None of the study patients was receiving insulin or oral therapy for diabetes. Following conversion, 60% of patients reached target tacrolimus trough levels within one week (average trough level 6.33 ng/ml) and 80% reached target by two weeks. Over the course of the study, the majority of patients (50 -88%) were within the target trough levels for tacrolimus, with average trough levels at each study timepoint varying between 6.33 and 10.37 ng/ml).
Adverse Events
Two patients withdrew from the study because of adverse events: headache 12 days postconversion (withdrew at Month one) and recurrent liver disease 34 days postconversion (withdrew at Month three).
Two patients were reported as having onset of renal dysfunction, both within one month of conversion. In the first case, an above-target trough tacrolimus level of 16 ng/ml accompanied the finding of a serum creatinine elevation (200 mol/L) over baseline (177 mol/L). The dose of tacrolimus was reduced from 4 to 3 mg/day and the resulting trough level fell within the per protocol target (6.8 ng/ml). Renal function recovered (serum creatinine 162 mol/L) and the patient remained on this dose of tacrolimus for the remainder of the study with no residual renal dysfunction. In the second case, trough tacrolimus levels were within target (7.7 ng/ml) at the time of the finding of the serum creatinine (131 mol/L) elevation over baseline (124 mol/L). The dose was reduced from 6 to 5 mg/day and the patient demonstrated improved serum creatinine levels (111 mol/L) by completion of the study. One patient developed a requirement for insulin which persisted for more than 30 days. Two patients developed carcinomas during the study, specifically squamous cell carcinoma and esophageal carcinoma. No infections were reported with the exception of one case of oral Herpes simplex infection. One patient, hospitalized for a myocardial infarction, survived with residual effects. There were no deaths reported over the course of the study.
Serum Lipids
The primary outcome measures in this study were postconversion changes in LDL-C, TC, and TC:HDL-C. Mean (Ϯ1 SD) values at each sampling time are displayed in Figure  1 . Preconversion values are included to show the effect of dietary counseling. Results from preconversion sampling (Month Ϫ4) were available for only 7 of the 15 patients; these results are presented for completeness but should be interpreted with caution in relation to the results of the other sampling points. All changes mentioned in the following sections are in reference to the value at time of conversion to tacrolimus (Time 0).
TC and HDL-C
The postconversion reduction in TC remained constant and was statistically significant at each measurement point. At Month six the change was Ϫ0.61Ϯ0.86 mmol/L (Pϭ0.017). Virtually no change in HDL-C levels was observed after conversion.
LDL-C
There were modest reductions in LDL-C after conversion but these were not statistically significant, although the change one month postconversion (Ϫ0.19Ϯ0.31 mmol/L, Pϭ0.057) closely approached conventional fiduciary significance limits. 
TC:HDL-C Ratio
The reduction in the TC:HDL-C ratio was statistically significant at each postconversion timepoint. The greatest reduction (Ϫ0.87Ϯ0.88 mmol/L, PϽ0.001) was observed at month six.
Other Lipid Measures
There was a consistent tendency toward reduction in TG levels as shown in Figure 2 . At month three, the decrease (Ϫ0.65Ϯ1.10 mmol/L) was statistically significant (Pϭ0.02), whereas decreases at months one and six only approached conventional significance (Pϭ0.058 and Pϭ0.080, respectively).
Lipoproteins
There were no statistically significant or otherwise remarkable changes in Apo A and Lipo (a) levels (Fig. 2) . Levels of Apo B, however, decreased by month one (Ϫ0.14Ϯ0.15 g/L, Pϭ0.004) to a level which was sustained throughout month three (0.14Ϯ0.14g/L, Pϭ0.010) and month 6 (Ϫ0.15Ϯ 0.23g/L, Pϭ0.031).
Homocysteine, B Vitamins, and Folate
We observed no significant changes in homocysteine throughout the observation period (Time 0 valueϭ17.4Ϯ5.7 mol/L). Similarly, there were no changes in the serum levels of either vitamin B 6 or B 12 . Serum folate increased following conversion by a mean of 3.1, 3.8, and 3.7 nmol/L at one (Pϭ0.065), three (Pϭ0.052), and six (Pϭ0.034) months after conversion, respectively. Red cell folate (Time 0ϭ1100Ϯ330 nmol/L) remained stable after conversion until month six, at which time it rose by 167Ϯ234 nmol/L (Pϭ0.027).
Other Cardiovascular Risk Factors
Systolic (SBP) and diastolic (DBP) blood pressure were determined over the course of the study. The mean baseline SBP/DBP values were 141/90 at study entry and 139/85 at the time of conversion. At month 6 following conversion, mean SDB and DBP remained unchanged (131/85), although a numerical decrease of 10 Torr was observed in the median DSB by the end of follow-up.
Neither body mass (month 0ϭ91.4Ϯ20.0 kg) nor calculated creatinine clearance (month 0ϭ77.5Ϯ29.6 ml/min) were observed to change over the course of the study.
Postconversion Rejection and Graft Function
No rejection episodes occurred after conversion to tacrolimus. In two patients, adverse events related to liver function tests were reported. These consisted of an increase in serum alanine aminotransferase and alkaline phosphatase levels, which resolved without intervention in one patient, and recurrence of liver disease with consequent withdrawal from the study of the second patient.
DISCUSSION
Observational general population, cohort, and clinical trial data suggest that there is no threshold below which plasma lipid lowering is not associated with reduced risk of cardiovascular disease (16) . Although extensive data is avail- able on the effect of immunosuppressant agents on lipids and the risks of associated hyperlipidemia in renal transplantation (17) , prospective studies under standardized conditions are necessary to better define these relationships in liver transplant recipients.
In this study, 15 hyperlipidemic liver transplant recipients under stable maintenance cyclosporine and standardized steroid therapy were successfully converted to tacrolimus. The conversion was well managed, with 60% of patients reaching target tacrolimus trough levels within one week of conversion and 80% reaching target by two weeks (data not shown). No rejection episodes occurred following conversion to tacrolimus.
Patient selection criteria were consistent with our goal of standardization. Enrollment into this study was very challenging. The large number of patients already receiving tacrolimus significantly reduced the potential patient population for screening. Additionally, among other contributing factors such as geographic distance from follow-up center and existing medical conditions leading to ineligibility, many patients receiving cyclosporine did not want to change immunosuppression due to a lack of importance placed by the patient or attending physician on heightened cardiovascular risk.
Patients were homogeneous in demographic characteristics. Their lipid profile data were surprisingly less variable that expected, possibly due at least in part to standardized dietary intervention. The inclusion requirement of stable steroid and immunosuppressant dosage also may have contributed to the relatively small interindividual variability that was observed. As a result, early concerns about low recruitment levels and insufficient statistical power, which led to the eventual decision to terminate the study, proved to be premature. Strong statistically significant changes were observed postconversion in both primary and secondary outcome measures, due to an overconservative original power calculation.
In this study, patients demonstrated markedly improved lipid profiles following conversion to tacrolimus. Reductions in both the TC and the ratio of TC:HDL-C were significant and persisted throughout follow-up. Sustained decreases in TG were also observed, but this reduction did not achieve significance at each sampling point.
A review of other studies demonstrates similar results. Pratschke examined the outcome following conversion of liver transplant recipients with cyclosporine-related side effects (nephrotoxicity, hypertension, and neurological disorders) to tacrolimus, and observed improved levels of TC and TG three months postconversion (12) . Neal et al. (13) conducted a review of data from 24 patients followed for up to eight months. In this patient group receiving cyclosporine, approximately 50% were hypercholesterolemic prior to conversion to tacrolimus. Postconversion TC decreased by 8% but no significant change in TG was observed (13) . More strikingly, Manzarbeitia et al. conducted a study, similar in design to ours but without standardization of steroid therapy, in which 21 hyperlipidemic patients were converted to tacrolimus and placed on a diet low in fat and cholesterol. Mean serum TC was reduced in this patient group by approximately 20%, whereas TG and LDL-C levels decreased by approximately 30% at three months postconversion. A 17% increase in HDL-C was observed but was not statistically significant (14) . Our data appear to be, within the limitations of our small sample size, quantitatively consistent with previous findings. In our study, the mean decrease in TC was approximately 11% throughout the six-month follow-up and the mean reductions in TG levels were 15% at month one and 23 to 24% at months three and six.
Numerical reductions in LDL-C were observed in the present study; however, these did not reach statistical significance. Nevertheless, Apo B, which is more highly associated with cardiovascular risk than is LDL-C (18, 19) , decreased early and persistently over the six month follow-up.
The biological mechanism(s) underlying this improvement in lipid profiles was not examined in this study. Others, however, have reported data which supports the concept of cyclosporine-mediated inhibition of glucoronidation (20) and biliary secretion (21) in transplant recipients. It is possible that the cyclosporine-induced cholestasis described for substrates such as mycophenolate may have implications for lipid metabolism and transport as well. Indeed, CsA induces hyperlipidemia and hypertriglyceridemia in pediatric liver transplant recipients at least in part through suppression of enterohepatic bile salt synthesis (22) . One may speculate that processes such as these were impacted favorably by the conversion from cyclosporine to tacrolimus thereby resulting in an improved lipid profile for this study population study.
Prospective and case-control studies have demonstrated a positive correlation between elevated serum homocysteine and risk for cardiovascular disease in the general population (23, 24) . In the general population, low folate levels have been linked to hyperhomocysteinemia, which may be an independent causal risk factor of cardiovascular disease and is often associated with increased severity of the disease, especially in the presence of other risk factors (25) . Transplant recipients receiving cyclosporine have previously demonstrated elevated homocysteine levels, which are responsive to B vitamin therapy (25, 26) . In our patient group, no effect of conversion on homocysteine levels was observed and homocysteine, serum vitamin B 6 and B 12 remained stable over the duration of the study. On the other hand, serum folate increased following conversion and while red cell folate remained stable for the most part, a transient increase at month six was observed. Larger more powerful prospective studies than this are required to elucidate the potential impact of conversion on homocysteine metabolism and cardiovascular risk in this patient population.
Posttransplantation hyperlipidemia generally persists in patients regardless of dietary modification (3). Hyperlipidemia is associated with allograft vasculopathy and is a major risk factor for clinical manifestation of cardiovascular-related morbidity and mortality in recipients of solid organ allografts (3). In fact, approximately 10% of long term patient mortality in liver transplant recipients is the result of cardiovascular disease (27) . Modifications of traditional immunosuppressive regimes, including early steroid withdrawal, hold promise for reducing the unfavorable consequences of immunosuppressive therapy.
Cyclosporine has previously been demonstrated to be associated with hypertension and hyperlipidemia (28) . Our prospective study demonstrates that conversion to tacrolimus was associated with improved lipid profiles. It has been suggested that the steroid-sparing effect of tacrolimus was instrumental in lowering lipid levels in previous studies. Unlike those studies, however, only a single patient in our study received steroid therapy and that was at a low and constant dose throughout the study. Thus it would appear that tacrolimus itself, in comparison to cyclosporine, had a beneficial impact on lipid metabolism.
Our data suggests that conversion from cyclosporine to tacrolimus provides a safe and well-tolerated alternative that reduced hyperlipidemia and other recognized cardiovascular risk factors. Modification of immunosuppression, during maintenance or earlier in the posttransplantation period, to include tacrolimus may provide significant benefits to liver transplant recipients in terms of decreased cardiovascular risk. Further studies would be necessary to demonstrate the effects of conversion on long-term morbidity and mortality and may serve to provide evidence of real clinical benefit in terms of decreased risk for development of cardiovascular disease.
